Liver metastasis is a normal result in Ehrlich Ascites Carcinoma Cell (EAC) infected mice. A partially purified protein with Superoxide Dismutase (SOD)-like activity extracted from leaves of Raphnus sativus was tested for its ability to down regulate liver metastasis of Ehrlich Ascites Carcinoma Cell (EAC) intraperitoneally implanted in albino mice. Sixty albino mice were divided equally into 4 groups. Group I mice (G1 control) were treated with physiologic saline solution for 7 days. Group 2 mice (G2) were injected with the partially purified protein. Group 3 mice (G3) were intraperitoneally inoculated with EAC cells and treated with the partially purified protein. Group 4 mice (G4) were inoculated EAC cells and treated with physiologic saline solution. The results showed a disturbance in liver functions. This disturbance was observed as a reduction in the values of serum albumin, hemoglobin, total counts of erythrocytes and platelets, total lipids in liver tissues, erythrocytes SOD activity, serum glucose, reduced glutathione (GSH) and the trace elements (Fe, Mn, Zn, and Cu) contents in liver and spleen tissues as well as the elevation of serum transaminases activities, the levels of malondialdehyde in blood, DNA and RNA of liver tissues in the infected mice (G4). On the other hand, in G3, after treatment with the partial purified protein all these parameters restored their normal values and became near from the normal group (GI). Moreover, the protein showed no toxicity towards the mice as shown in G2. It could be concluded
Introduction
Oxygen free radicals or, more generally, Reactive Oxygen Species (ROS), as well as reactive nitrogen species (RNS), are products of normal cellular metabolism. ROS and RNS are well recognized for playing a dual role; they can be either harmful or beneficial to living systems [1] [2] . Beneficial effects of ROS occur at low/ moderate concentrations in defense against infectious agents, in the function of a number of cellular signaling systems, and in the induction of a mutagenic response.
The potential biological damage is the harmful effect caused by the oxidative and nitrosative stress [3] . This occurs in the biological systems when the overproduction of ROS/RNS leads to a disturbance in the oxidants/ anti-oxidant balance in the biological cell. In other words, oxidative stress results from the metabolic reactions that use oxygen and can damage cellular lipids, proteins, or DNA inhibiting their normal function. Consequently, oxidative stress has been implicated in a number of human diseases as well as in the ageing process. The delicate balance between beneficial and harmful effects of free radicals is a very important aspect of living organisms and is achieved by mechanisms called "redox regulation". The process of "redox regulation" protects living organisms from various oxidative stresses and maintains "redox homeostasis" by controlling the redox status in vivo [4] [5] . Many physiological functions depend on a balance between reactive species (e.g. reactive oxygen and nitrogen compounds) and antioxidant defenses [5] [6] .
There are numerous mechanisms by which cells protect themselves against oxidants. The most important H 2 O 2 -scavenging enzymes and related proteins with antioxidant capability include catalase, glutathione peroxidases, glutathione reductases and enzymes associated with the synthesis of reduced glutathione (GSH) (such as γ-glutamyl cysteine synthase) [7] .
Superoxide Dismutases (SODs) are metalloenzymes that also catalyze thedismutation of superoxide anions into molecular oxygen and hydrogenperoxide; they represent a major cellular defense mechanism involved in the neutralization of ROS in both prokaryotic and eukaryoticorganisms. They have been found in nearly all organisms and play a major role in the defense against oxidative stress [8] . At high concentrations, ROS can be important mediators of damage to cell structures, nucleic acids, lipids and proteins [1] . The hydroxyl radical is known to react with all components of the DNA molecule, damaging both the purine and pyrimidine bases and also the deoxyribose backbone. The most extensively studied DNA lesion is the formation of 8-hydroxyguanosine. Permanent modification of genetic material resulting from these "oxidative damage" incidents represents the first step involved in mutagenesis, carcinogenesis and ageing [5] . In addition, a redox imbalance subsequently induces liver tumor-promoting effects by enhancing cellular proliferation in rats [9] .
The increased SOD activity decreases superoxide content in the cells and thus reduces the ROS-mediated stimulation of cell growth. It may be hypothesized that Manganese Superoxide Dismutase (MnSOD) would decrease cancer cell proliferation indirectly through reduction of ROS, unlike conventional tumor suppressors, which regulate cell growth and decrease expression of cancer cells [10] . Consequently suppression of liver metastasis may be expected.
Liver metastasis is a cancerous tumor that started in neighboring organs such as breast, colon rectum and kidney. It is also called secondary liver cancer or metastatic liver disease. Liver metastasis is not the same as cancer that originates in the liver, called primary liver cancer. The risk of liver metastasis depends on the location of the original cancer. Unfortunately there may be no symptoms in the early stages of liver metastasis. In later stages, cancer can cause the liver to swell including loss of appetite weight loss dark colored urine [11] - [13] .
Raphnus sativus (Radish) is an annual herb, consumed as vegetable. It belongs to the family Brassicaceae. It has been used in folk medicine as a natural drug against many toxicants. It decreases blood glucose levels in diabetic rats [14] and improves the histopathology of colon mucosa in the rats fed high fat diet [15] [16] . Its anti-oxidant effects are reported in alimentary hyperlipidemic rats [17] . Radish extract improves the antioxidant status of male mice and can overcome or, at least, significantly diminish mycotoxin (Zearalenone) effects [18] . Therefore, a partially purified extract from the leaves of Raphnus sativus was examined for its anti-tumor effect and suppression of liver metastasis in Ehrlich Ascites Carcinoma (EAC) bearing mice.
Samples
Three weeks after the last treatment, ascetic fluid was individually withdrawn from each mouse of G4 and measured. Liver and spleen samples were quickly dissected, rinsed with isotonic saline and dried. 0.25 g of these tissues was homogenized in ice cooled saline and diluted to yield a 5% (w/v). The supernatant was used for biochemical analysis. Blood samples were collected by tail vein cutting and their sera were used.
Methods

Preparation of Raphnus sativus
Extract 150 g of leaves tissues of Raphnus sativus were homogenized with 500 ml ice cooled Tris buffer (0.10 M, pH 8.3). The homogenate was precipitated with 70% (NH 4 ) 2 SO 4 . The precipitate was chromatographed on calcium phosphate gel (pH 7.0). The enzyme was then eluted with serial concentrations of NaCl. The purified enzyme was dialyzed against bidistilled water and then concentrated using polyethyleneglycol. The concentrated purified enzyme was reconstituted with Tris buffer (0.10 M, pH 8.3).
Biochemical Tests
Total proteins were determined in the extract by the modified method of Folin Lowry [20] . Iron (Fe), Manganese (Mn), Zinc (Zn) and Copper (Cu) were estimated in Raphnus sativus extract, liver tissues and spleen tissues by Atomic AbsorptionSpectrophotometery according to the method of [21] . According to the method of [22] , nucleic acids were extracted from liver homogenate. DNA content was determined colorimetrically in the extract using diphenylamine procedure described by [23] , and RNA content was measured by the orcinol procedure described by [24] [25] . The method of [26] was usedfor the extraction of lipids. Total lipids in liver tissues were determined by the method of [26] . Lipids profile which include triglyceride, total cholesterol, high density lipoprotein-cholesterol (HDL-C) andlow density lipoproteins (LDL) were done in serum using commercial kit (Biocon's India) according to the instruction of the manufacturer. Glucose in serum was determined enzymatically according to the method of [22] . Alanine transaminase (ALT) and aspartate transaminase (AST) activities in serum were determined by the method of [27] . Serum albumin concentration was determined by the method of [28] [29] . Erythrocyte reduced glutathione (GSH) was determined by the method of [30] . Malondialdehyde (MDA) was determined in the blood by the method of [31] . Superoxide dismutase (SOD) activity in serum was assayed by the method of [32] . Blood hemoglobin (Hb) concentration was colourimetrically determined according to the method of [33] . Total count of WBC s and Platelets were determined according to the technique described by [34] . For this assay an advanced Bright-LineHaemocytometer was used (Bosch and Lomb USA).
Statistical Analysis
The statistical analyses of the results were carried out using Instate software computer program, version 2.03 (Graph pad, USA) and IBM PC compatible computer. The one tailed P-values tables were used for statistical analysis. A difference was said to be significant, and highly significant, when the corresponding level of probability (P) was ≤0.05 and ≤0.001, respectively. Correlation coefficient (r) was used for measuring the relationship between two variables. The correlation is weak at r = 0.50, moderate at r = 0.50 -0.75 and strong at r = 0.80 -1.00.
Results
The concentration of metal ions in the partially purified SOD-like activity from Raphnus sativus leave's extract showed that, the extract contains Cu, Mn, Fe and Zn in concentration 0.002, 0.0065, 0.080 and 0.076 µg/mg protein respectively, with total protein 60.5 mg% and SOD activity 86% (% of inhibition).
The obtained results of different mice groups are summarized in Tables 1-8 . Highly significant (P < 0.001) when groups II, III and IV compared to the values of group I. a = highly significant (P < 0.001) and b = significant (P < 0.05) when group III compared to group IV. Group I (saline treated-normal mice), group II (Raphanus sativus extract treated-normal mice), group III (tumor bearing-Raphanus sativus extract treated mice) and group IV (tumor bearing-saline treated mice). Table 2 . Serum activities of sGOT and sGPT and serum albumin level in mice of groups I, II, III and IV. Table 4 . Serum levels of cholesterol, triglycerides, HDL-C and LDL and liver tissues total lipids in mice of groups I, II, III and IV. In Table 1 , there are highly significant decreases in platelets count and hemoglobin concentration in tumorized mice (group IV) compared to the control mice (group I). On the other hand, the total volume of tumor cells reached 16 ml in group IV, while, no tumor cells are found in groups I, II and III (Figures 1(a)-(d) ).
The activities of (ALT) and (AST) in serum of mice of group IV are highly significantly and significantly increased respectively compared to those of group I, while, serum albumin of mice of group IV is highly significantly decreased compared to groups I, II and III (Table 2), (it is more clear in protein electrophoresis analysis in Figure 2) . However, there is no significant difference between the tumorized treated group III and the normal groups I and II. In Figure 2 there are no difference between the electrophoresis pattern of the control (lane 1), tumorized mice-extract treated (lane 3), while a clear difference was found between tumorized mice-saline treated (lane 4) and the control (lane 1). Table 3 shows that, the level of glucose and SOD activity in serum and erythrocytes GSH of mice of group IV are highly significantly and significantly decreased respectively compared to group I, while, MDA is highly significantly increased in GIV compared to GI. However, no significant difference was found between group III and groups I and II. Table 4 shows a highly significant increase in serum levels of cholesterol, triglycerides and LDL of tumorized mice (group IV) compared to those of control (group I). On the other hand there is a highly significant decrease in total lipids in livers and serum HDL of mice of group IV compared to those of group I. However, no significant differences were observed in the levels of cholesterol, triglycerides, LDL and HDL in serum and total lipids in liver within groups I, II and the tumorized treated group III.
In Table 5 , the liver and spleen weights are highly significantly decreased, while, DNA and RNA content in liver tissues are highly significantly increased in group IV compared to those of group I. However, no significant differences are observed in weights of liver and spleen in group III compared to group I (Figure 3(a), Figure  3(b) ).
The correlations between the different parameters in all groups, liver DNA, RNA and MDA with GSH, SOD, glucose, Hb, HDL, AST, ALT and LDL are observed in Table 6 . Table 8 show that the levels of trace elements (Fe, Zn and Cu) in spleen and liver tissues are significantly decreased in group IV compared to group I. However, the levels of these elements increased in group III than group IV.
Discussion
Superoxide anions are produced at any location where an electron transport chain is present, and hence O 2 activation may occur in different compartments of the cells [30] . Therefore, it is not surprisingto find SODs in all these subcellular locations including the plant leaves which are used to scavenge these free radical species [35] .
Oxidative stress is a disturbance in the balance between the formation of oxidizing species (reactive oxygen species and other radicals) and their effective removal by protective antioxidants. Overwhelming radicals generated in the blood stream and tissues can induce oxidative damage to cell membranes, which contain lipoproteins, proteins and deoxyribonucleic acid [32] . The present study suggests that, Raphnus sativus partial purified protein with SOD-like activity may be one of the treatment strategies. Ben Salah-Abbès, reported that, the extract of radishcontains many antioxidant compounds that protect against the toxicity resulting from mycotoxin (Zearalenone) [36] [37] .
The elevations in serum activities of ALT and AST, and serum cholesterol, as well as decreases in serum albumin and total platelets count are expected in liver disease and in hepatocellular damage caused by a number of toxic agents [38] [39] . These disturbances in liver function may be as a result of the metastasis of tumor cells to the liver and the change in redox status [40] . Keisuke, reported that, a redox imbalance' subsequently induces liver tumor-promoting effects by enhancing cellular proliferation in rats [9] . Cancer cells exhibit increased glycolysis in combination with a reduced rate of respiration [41] [42] . In this study, serum glucose level of the tumorized-saline treated mice was significantly decreased than that of the tumorized extract-treated mice. The decrease in the glucose level was accompanied by reduction in the activity of SOD with a simultaneous increase in the oxidative stress marker (MDA). The level of MDA reflects the extent of membrane lipid peroxidation and hence cell membrane damage.
In the present study, serum cholesterol, triglycerides and LDL-c showed elevation in tumor-bearing mice saline-treated compared to those treated with the extract. The increase in serum levels of these lipid markers in the saline-treated tumor-bearing mice may be due to the fact that the tumor cells are energy consuming cells. Thus, these cells enhance the process of lipolysis from adipose tissues as well as other organs, including liver and spleen, with a resultant increase in the majority of serum lipid profile, while, the total lipid in liver tissue is highly significant decrease in addition to the dramatically decrease in liver and spleen weights. Based on the previous data, it can therefore expect to find positive correlations between both liver DNA and RNA with serum lipid profile. Such findings might be due to the metabolic disturbances accompanying death of EAC cell line and/or the modulation of the cytokines levels before and after treatment [43] .
In addition, the present study revealed a significant decrease in the levels of GSH in blood of tumor-bearing mice saline-treated. Reduced glutathione is central to the cellular antioxidant defenses and acts as an important cofactor for antioxidant enzymes [44] . Under oxidative stress, glutathione is consumed by the glutathionerelated enzymes to detoxify peroxides produced because of increased lipid peroxidation [45] [46] and elevation in lipid peroxidation is a consequence of the depletion in GSH stores, which are otherwise capable of moderating the amount of lipid peroxidation.
Low levels of MDA indicate inhibition of lipidperoxidation. Thus the extract potentiates the activity of liverto fight against lipid peroxidation. This is well supported from total lipids results in liver. It is clear from this study that Raphnus sativus inhibits lipidperoxidation and provides protection by strengthening the antioxidantseffectby glutathione and catalase [47] . Taniguchi, reported that, the levels of lipid profile as well as the total lipids of the liver were disturbed during carcinogenesis and their levels were approximately return to the normal values after treatment with the extract [48] .
Manganese superoxide dismutase (MnSOD) in the mitochondria plays an important role in cellular defense against oxidative damage [49] . The produced OH radical in the tumor cell may react with tyrosine, tryptophan and the thiol groups of the functional proteins and enzymes resulting in their inactivation [50] [51]. The highly reactive OH radicals can also attack DNA and can cause lipid peroxidation. After treatment with the SOD-like activity extract, the total enzyme activity (SOD) was elevated and the mean survival time of the tumor cells was reduced with a resultant decrease in the tumor volume. Most experimental models and cell culture studies have concluded that SOD has antiproliferative and tumor suppressor effects [52] . This may be one of the mechanisms by which Raphnus sativus extract kill the EAC cell line.
Furthermore, El-Sayedreported that, SOD activity was enhanced after treatment of the tumor cells with metal complexes having SOD-like activity, such type of treatment expresses excessive amount of H 2 O 2 which implicated in EAC cell killing but not the normal cell because the latter cell contains sufficient catalase and/or peroxidase activities to degrade H 2 O 2 [16] .
Also, the use of substances with SOD-like activities can cause a pronounced activation of blood phagocytes. Moreover, Habib et al., extracted a similarmetalloprotein with MnSOD-like activity from the roots of Raphnus sativus and showed that, such extract can activate the immune system to kill the EAC cell line [53] .
As apparent from the present results, liver DNA and RNA contents were significantly decreased after treatment of tumor-bearing mice with the extract. In contrast, liver lipid and protein contents in tumor-bearing mice extract-treated were increased compared with those of tumor-bearing mice saline-treated. These results are confirmed by the negative correlation between DNA and both total lipids and albumin where tumor growth is usually followed by total cell consumption of all energy sources including lipids and proteins. These results are in agreement with the findings of other author [54] who attributed their similar changes to tumor formation.
Zn, Cu and Mn are cofactors of enzymes with important catalytic functions in the antioxidant defense system as superoxide dismutases. Mn-SOD is the major defense mechanism against mitochondrial reactive oxygen species that induce oxidative stress. Cu/Zn-SOD is known as a scavenger of superoxides. Therefore, the increase in heavy metals affect on the biological activity of the mice as well as nucleic acids and ribosomal activity of the cells of such mice [55] .
Valko et al., showed that, a wide range of metabolic enzymes involved in energy transfer and antioxidants, require metal(s) ions as cofactors involved structurally in the enzyme proteins e.g. MnSOD, Cu-ZnSOD and FeSOD [1] . In the present study, the levels of Cu, Fe, Mn and Zn in liver and spleen tissues of the tumorizedextract treated mice were increased in compared with those of the tumorized-saline treated animal. These findings may be due to the use of these metals by the tumor cells during their proliferation and/or the need of these metals for incorporation in SOD isoenzymes in the treated animal group, a conclusion which was supported by the increase in the mean activity of SOD in the tumorized-extract treated mice. Also, it cannot neglect the fact that the extract contains Cu and Mn as well as higher levels of both Fe and Zn.
Conclusion
In summary, the Raphnus sativus extract inhibited EAC cell growth possibly by compensating the decrease in SOD activity which was observed in serum of the tumor bearing mice. The mechanism may involve protection of the tumor suppressor genes from the toxic effects of free radicals. Consequently, liver metastasis can be suppressed after treatment with the prepared extract and this is clearly apparent in the normal levels of all liver investigated parameters after treatment with the partial purified protein. Moreover, the role of Raphnus sativus extract in the enhancement of the immune system function cannot be neglected. Therefore, it is recommended to use the Raphnus sativus in many of our daily diets and in production of antioxidantsto protect against the toxic effects of the free radicals.
